Abstract: This paper presents a mechanism for the detection and localization of faults in a plant
The liquid level control is achieved by changing the water pump flow, using the speed command of the driving motor. This is achieved by varying the supply voltage of the pump using the pump regulator, which is driven with a voltage signal in the range of 2-10 V DC.
The hydraulic system diagram of the plant is shown in Figure1 [7] . The state variables are: L 1 =x 1 the level of the tank1 L 2 =x 2 the level of the tank2 The input variables are :
U c the command to adjust the level in the tank 1
Figure 1: The hydraulic system diagram
The didactics plant allows the level control in the upper tank, using flow's command corresponding to the water's recirculation pump from the lower basin of the upper basin. The disturbance is the flow section of the pipe, between the two tanks.
Mathematical models
In order to implement the faults detection diagram it is necessary to determine the mathematical model of the plant as accurate as possible, to emphasize the influence of the faults and the disturbances on observable variables and then the reduction of the processing requirements. The mathematical model of the system is determined using the mass balance equations [7] :
Where C is a coefficient depending on the viscosity of the fluid loss and sectional shape of the flowing, S 2 sectional area of the valve transitions between the two tanks, A 1 and A 2 cross-sectional area of the tank1, respectively tank2, F p is the inflow rate of tank1 and F 2 is the outflow rate from tank2.
In canonical form the mathematical model is:
In steady state:
By linearizing of the equations (3) and (4) around the steady state values, resulting linear form of the mathematical model (6) and (7), which contain the section variation ΔS 2 which can occur only under fault conditions. Under normal conditions ΔS 2 = 0. 
The implementation of the faults detection structure
The method is based on the difference between the real plant with fault and the model without the fault. The input model applies the same command variables as the real plant, so this difference (residue) is influenced both by the faults and the disturbances.
We will analyze the following faults which may occur in the plant: -the pump is not running completely the command it receives or there may be an additional pressure loss in the upper valve, which is assembled after the pump, and this determines the pump flow to be influenced by the fault, therefore it is no longer proportional to the control voltage;
Where ΔU Cn is pump control signal and ΔU d the equivalent in the control signal of the actuator's fault.
-the modification of the flow section S 2 due either to a fluctuation of the flow system, by obturating the flowing section or additional pipeline breakings , which is equivalent to an increase of S 2 ; this determine that the discharge flow from the tank1in tank2 to be of the form:
Where ΔS 2n is the value of the section under normal functioning conditions and ΔS 2d is equivalent value of the section, caused by the fault. Under these circumstances, by introducing the faults specified in equations (6) and (7), replacing ΔU C = ΔU Cn + ΔU d and ΔS 2 = ΔS 2n + ΔS 2d we obtain: In equations (12) and (13) we have applied Laplace transform under zero initial conditions and using the transformations and the notes from the equations (8) and (9) it follows the operational form of the real process equations in which faults have been included.
Following the same steps to equations (12) and (13) as the relations (6) and (7) it results: We define the residues r 1 (s) and r 2 (s) [7] : 
From the equations (18) and (19) it can be seen that the residues r 1 and r 2 are both of influenced by the faults ΔS 2d and ΔU d . In Figure 2 , the upper part is represented by the level control structure of the real process. This control structure allows adjusting the output of the process to the prescribed value even when the occurrence of a fault (the control system succeeds to compensate the fault). The command value of the model plant is function of the command value of the real controller and the output from the residual generator block, so in fault condition, the outputs of the model will show the real value of the level, when changing the command received from the controller. The output of the real plant L 1r and L 2r are compared to the output of the model plant L 1m and L 2m and the difference represents the input in the residual generator block. By simply monitoring of the residues it is possible to predict the change in behaviour of the system from normal condition.
Using the simulation scheme presented in Figure 2 , the following experimental results have been obtained. In Figure 3 we can observe the process and the model outputs in normal conditions. In this case the residuals r 1 and r 2 are "0" as is shows in Figure 4 . In Figure 5and We consider that the fault Δ U d =-0.2 appears on the time t=40÷70s, in this case the level for the model is represented in Figure 9 and the level for the real plant is shown in Figure 10 . Using the fault detection structure, the residues represented in Figure 11 and Figure 12 indicates the occurrence of the fault. In Figure 13 and Figure 14 are represented the level for the model, respective the level for the real plant in fault condition, is considered the permanent fault Δ S 2d =0.1 appeared at time t = 60 s. The residues represented in Figure 15 and Figure 16 indicates the occurrence of the fault.
Conclusions
In this paper a method for faults detection and localization using residual vectors was presented; the proposed method was theoretically developed and experimentally verified. It allowed detection and localization of two faults created in a real plant, including the detection of the cases when the control system succeeds to compensate the fault. This structure does not require supplementary equipments; it can be implemented as software complementary system on the existing monitoring digital control system from power plants. A series of case studies was realized regarding the possibilities for detection of the faults using residuals generator for the system. With the fault detection and localization scheme presented in this paper it can be detected the faults ΔU d and ΔS 2d . Resources Development 2007 -2013. 
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